Tribulus terrestris (puncture vine) causes sporadic outbreaks of hepatogenous photosensitization of small ruminants in South Africa and Australia known as geeldikkop. 3, 5, [14] [15] [16] [17] Toxicity occurs during the summer when young plants become wilted, especially if rain or increased humidity is followed by hot dry weather. 5, 14 An outbreak of hepatogenous photosensitization in a flock of sheep in the Central Valley of California, attributed to ingestion of Tribulus terrestris, is reported here.
The flock of registered California Red sheep consisted of 6 ewes 2-6 years old, a 2-year-old ram, and several lambs 2-3 months of age. The entire flock was affected except for the nursing lambs and 2 of the older ewes. Blackface market lambs on the same farm, but penned separately, were unaffected. Physical examination revealed icterus, photosensitization, and hemoglobinuria. Based on the clinical findings and restriction of disease to adults, the etiologic agent was thought to be an environmental toxin acquired through grazing.
The California Red group grazed in a 3-acre orchard and were provided steer feed as a concentrate supplement. Samples of water, soil, and grain were screened for heavy metals, including arsenic, molybdenum, zinc, lead, cadmium, iron, Table 1 . Certified National Weather Service climatic data, July 1990. 20 and copper. Soil and water samples did not contain any heavy metals in potentially toxic concentrations. The copper : molybdenum ratio in the grain sample was excessive (18.6:1) as compared with the accepted upper limit of 10:1. 7 Analysis of serum from 4 animals for trace elements and electrolytes indicated copper levels were normal to slightly higher ( = 0.8 ppm; range = 0.06-1.53 ppm) than normal (0.7-1.3 ppm) 7 but below a level of ≥ 2 ppm associated with release of copper from sheep with experimentally induced chronic copper toxicosis. 23 A short dirt road leading to the orchard was lined by numerous remnants of weeds identified as Tribulus terrestris. 11 These weeds were grazed avidly by the flock, despite abundant natural grass in the orchard. No other plants known to cause hepatogenous photosensitization were found in the animals' environment. Five days before the first clinical signs were detected, the region experienced widely scattered light rainfall and increased relative humidity. The next 4 days were exceptionally hot, with daytime high temperatures averaging 41.8 C (Table 1) . 20 A 2-year-old ewe from the flock was referred to the Veterinary Medical Teaching Hospital, University of California-Davis. Physical examination revealed bright yellow mucous membranes with swelling, erythema, and crusted exudate of the skin over the face, muzzle, and ears. The ewe was recently shorn and had diffuse reddening of the skin along the dorsum. Laboratory data confirmed hepatic involvement ( Table 2) . Elevated aspartate aminotransferase (AST) (767 IU/liter) and Sorbitol dehydrogenase (168 IU/liter) activities were consistent with hepatocellular disease, and increased total bilirubin (1.2 mg/dl), alkaline phosphatase (380 IU/liter), and -glutamyltransferase (45 1 IU/liter) indicated cholestasis. Mildly elevated serum urea nitrogen (48 mg/dl) and high normal total protein (8.6 g/dl) were probably due to dehydration. A total white blood cell count (20,800/µl) was characterized by a moderate neutrophilic leukocytosis (13,312/µl). Copper concentrations determined from serum and a liver biopsy were within the normal ranges.
The ewe was euthanized and necropsied. Gross changes were confined to the skin and the liver. The liver was diffusely mottled light red-brown and pale yellow on both the capsular and cut surfaces. Histologic changes in the liver consisted of periductal concentric lamellar fibrosis, which was mildly edematous and diffusely infiltrated by small numbers of plasma cells and rare macrophages. Bile ducts frequently were distorted by clear acicular clefts (Fig. l) , which contained pale yellow-green birefringent crystals visible in frozen sections (Fig. 2) . The large bile ducts had similar clefts lined by eosinophilic globules along with foci of epithelial hyperplasia interspersed with necrotic cells that were occasionally sloughed into the lumen, Apoptotic hepatocytes were randomly scattered throughout the parenchyma (Fig. 3) . Kupffer cells were prominent with large amounts of cytoplasmic pale yellowgreen pigment that was positive for ferric iron by Prussian blue staining, compatible with hemosiderin accumulation secondary to hemolysis. No bile pigment was detected.
Histologically, skin lesions consisted of marked irregular acanthosis, a thick serocellular crust over the epidermis, and replacement of the superficial dermis by granulation tissue. The walls of blood vessels in the dermis from affected portions of skin were widened by homogenous eosinophilic material compatible with fibrinoid degeneration. Small aggregates of plasma cells and a few macrophages were present between myocytes of the papillary muscle of the left ventricle. No other histologic changes were found and the pathology findings were interpreted to represent hepatogenous photosensitization based on association of hepatic obstructive disease and characteristic skin lesions. 17 Differential diagnoses of hepatogenous photosensitization with crystalline deposits in bile ducts of sheep include ingestion of Panicum sp. (kleingrass), 4, 18, 21 Agave lecheguilla (lecheguilla), 8 Nolina texana (sacahuiste), 4, 17 Narthecium ossifragum (bog asphodel), 12, 13 Brachiaria decumbens (signal grass), 22 and Tribulus terrestris (puncture vine). 3, 5, 6, 10, 1417 Based on known exposure, appropriate environmental conditions, and compatible clinical pathology and histologic lesions, it was concluded these sheep were poisoned by consuming puncture vine. The flock was treated by confinement in a shaded paddock to minimize exposure to sunlight and pre- All plants that precipitate crystals in the bile ducts of sheep contain steroidal sapogenins .4,8,13,18,19,21 The hepatotoxin in Tribulus terrestris is believed to be the steroidal sapogenin diosgenin. 19 Large doses of crude steroidal saponins isolated from lush Tribulus terrestris can reproduce the disease, 16 and a steroidal sapogenin has been found in the bile of a sheep fed Agave lecheguilla. 8 The crystals in sheep dosed with diosgenin contain insoluble salts of epismilagenin, a metabolite of diosgenin. 19 Saponins are glycosides that are widely distributed in plants of economic importance, including many forage legumes grown in temperate climates. Saponin content is influenced by environmental factors and follows a seasonal cycle; it is highest in midsummer . 9 The mechanism of toxicity is unknown, but histopathologic changes in cases of Tribulus terrestris intoxication are most prominent in the liver and kidneys, with variable hemolysis. 5 Myocardial lesions have been found in both kleingrass poisoning and geeldikkop, 4, 5 and saponins have been considered to be especially toxic to the myocardium. 10 Natural outbreaks are characterized by yearly and regional variation in morbidity, suggesting that variation in diosgenin content is influenced by other factors, such as environmental conditions. If the growth of Tribulus terrestris is not too extensive, practical control measures such as fencing off the affected areas, manual weed removal, or eradication with an herbicide would be indicated.
-Glutamyltransferase level is the single best criterion for detecting sheep with hepatic lesions but cannot be used for prognostic purposes. 1, 2, 6 Increased levels of AST and alanine aminotransferase, which represent hepatocellular disease, may not be specfically related to a primary effect of a hepatotoxin but to the necrotizing effect of bile acids on hepatocyte plasma membranes as found in other cholestatic disease. 1, 2 Apoptosis due to Tribulus terrestris ingestion may reflect direct hepatotoxic effects, whereas changes within the biliary system are secondary to obstruction by the crystalline deposits.
We did not attempt to isolate saponins or demonstrate sporidesmin from Tribulus terrestris found on this farm because only small remnants of the plants were available. Extraction of crude saponins can be performed if sufficient plant material is available. 24 This is the first report of hepatogenous photosensitization association with ingestion of Tribulus terrestris in California. Veterinarians should be familiar not only with those plants commonly associated with outbreaks of the disease in the United States but with less well known plants that may also be in the environment.
